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Abstract:- The present problem has been solved by taking phonon Green's function . Zubarev equation of
motion technique of quantum dynamics has been applied to find Fourier transformed phonon Green™ function.
Phonon linewidth has been obtained from this method responsible for Raman Tensor. The expression for Raman
Tensor has been separated into diagonal and non-diagonal parts. The development of different orders of Raman
scattering and their peak intensities have been discussed in low temperature limit in presence of isotopic
impurity in low concentration.
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l. INTRODUCTION

The work on Raman scattering is being continued according to different materials [1]-[3]. Most
commonly semiconductor devices have been available for daily uses of this universe. The basic physics in
developing the technology is to consider electron and phonon as a carrier in semiconductor crystals. Raman
scattering by phonons in a crystal is the inelastic scattering of light caused by the fluctuations in the crystal
electronic polarizability induced by the displacements of the atoms from their equilibrium positions [4]. In ideal
crystal, normal mode of vibrations having exact eigen state. The localized mode has been formed due to lack of
harmonicity in presence of impurity. An interaction of electron with harmonic and localized fields gives the
formation of dynamical body. We have to investigate the Raman Tensor under this approach by taking into
consideration harmonic Hamiltonian, electron Hamiltonian, electron phonon interaction Hamiltonian and defect
Hamiltonian. The work has been done on Raman scattering in impurity-induced anharmonic crystals [5] but in
present case of semiconductor crystal electron phonon interaction in presence of isotopic impurity in low
temperature limit is taken into consideration to get a different result. The phonon Green's function is taken to
develop the complete characteristics about Raman spectra. Theory of Raman scattering is established by
dividing the paper into following sections.

1. FORMULATION OF THE PROBLEM
Raman Tensor iay,,m (8R) is given by [5]-[7]

e (27)* | dtepl-ia )P, 0P, 0), 0

In above eq.(l) , &y, Er E=6y+Er, T, Pm(t) are respectively frequency of incident

radiation , Raman shift , frequency of scattered light , time ordering , electronic polarizability of the crystal . The
electronic polarizability for N cells can be expanded in a Taylor series which is dependent on the normal

coordinates U (kj, t) of the crystal in the form as [5], [6]
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In eq.(2) , first term , second term and third term represent Rayleigh scattering , first-order Raman
scattering (FORS) , second-order Raman scattering (SORS) and so on respectively .
An eq.(1), with the help of eq.(2) followed by second quantized normal coordinate transformation gives [5]
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iay,m(gR ) = ii}/,ﬂﬂ.(gR )"‘ i(i}/,ﬁ/'t(gR ) + ioal;/,ﬂ/l(gR ) (3)
iiy'm(gR) \ i;y'm(gR) \ i;y’m(gR) are due to fluctuations in the first-order electronic polarizability , second-

order electronic polarizability and third- order electronic polarizability respectively.
In our present situation, impurity and electron phonon interaction are taken in semiconductor crystal. It
is convenient to take only fluctuations in first-order electronic polarizability to achieve our aim. Thus, in this

-1 . .
case, Raman Tensor I(mm(gR) is given as

iiy,ﬂﬂ(gR):(]/Zﬂ’.)z Z T dtexp(—ith)Pj%m “ kl‘ <AK11-1('[)A<1\J_1\(0)> (4)
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This correlation function <Ak1j1 (t)Ak i (0)> may be obtained with the help of [8] as

w—0
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Thus, our aim is to find imaginary part of Fourier transformed phonon Green's function G(e;"R + ia)).

1. PHONON LINEWIDTH AND PHONON SHIFT
Let us take the following Hamiltonian according to different fields created in semiconductor crystal as

[91-[18]
H=H, +H,+Hy+H, (6)
The various terms in above Hamiltonian eq.(6) are given by

Hop =(%)Z &y (Ak*Ak + Bk*Bk) (73)
(
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k,q

Hy, . Hee . Hp . H,, are harmonic part , electron part , defect part and electron phonon interaction part of

Hamiltonian respectively . The symbols of egs.(7a-7d) are explained in references [9]-[18] .
To achieve our goal, let us consider phonon Green's function G, . (t,t‘) = <<Ak (t) ; Ak‘* (t)>> [19] .The

Fourier transformed phonon Green's function Gkk~ (8) can be obtained by equation of motion technique of
quantum dynamics via egs.(7a-7d) [5],[16]-[20] and Dyson equation approach as

G, (e)=n"5mn, [82 —&7+2ig'(kq, 5)}1 (8)
Where,
Mo =04 + 4C(— K, Iz\)gk_l D B =8+ ngA(kq, 5) 9)

& s F(kq,g) : Ek : A(kq, 6‘) are respectively denote perturbed mode frequency , phonon half linewidth ,

renormalized mode frequency and phonon shift . The renormalized mode frequency Ek is obtained as

+(zn>-1sk{<[qu<t>, 8, () (M, € )+ a5 ek M, )
+8e? — 2, ) 'C[K K )- 296, % <[|v| (D) bQ*bq]°>} (10)

t=t

Where,
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(t)=473 RI-K,K)A, —27(t) (11)
R ) s, R+ DR, Joa3 el R PLERp, 122)
= {gq(bq b, +byb, )+ glb, b, B, +by'b,B, )} (12b)

This method gives response function P(kg, &) as
P(ka.2)=8Y Rk, K R*(K,—K s, (6~ 5,2) "+ 4g7(N, + Noo, Je2 + 0778, e —25,)"
o
(13)
Where,

N, =(b,by) . Ng =(bg'by) . fi, =(B,'B,) (14)
The response function P(Kg, &) gives the phonon linewidth T(kg, &) and phonon shift A(kg, &) through
following relation as

P(kq, &+ ia)) = A(kq, 5)— iF(kq, 5) where @ — 0" (15)
Phonon linewidth F(kq,g) is contributed by defect part FD(kq,g) and electron phonon interaction part

r**(kqQ,¢) as

F(kg £)=° (kg £) + T (ke ) (16)
Where

°(kg, &)= 8m(z z Rlic,—k R (i, K e, 5(e? - 2,.2) (17a)
r*°(kqQ.z) = 4g (Nq+NQ5QQ &2 +9%,0, Ple-2s,) (17b)

Let us evaluate again Fourier transformed phonon Green's function with the help of equation of motion
technique of quantum dynamics by differentiating it twice with respect to t with the help of Hamiltonian eq.(6)
as [5],[16]-[20]

G, (6)=2"7"%5, [+ ack K )e-2 ) —(e+5 ) | 2re2 > N[ { (&

—2¢, )2 _gkz }71(8—51‘)1 +{ (Ek‘ + 2‘9(1)2 _gkz }71(‘9"':91‘}1 +(8k —2¢, )gkil{ (gk _qu)z
-5 P e-2e)va a2 s (e +2e f =57 {(e-22)-4 11 ] (s8)

Where,
57 =52 +45Y [clk,—K)+ DK,k )+ 4c(k, K p(K, K, ) (19)
K

In low impurity concentration, N, N, , N, are evaluated with the help of Green’s function eq.(18)
following [21] as

2
4.2y, 242 o~ 72 2 ~2  ~ 2 4 2 2 2~ 2 ~2 2
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Where,
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~ 2 ~ 2 ~ 2 ~ 2
A(m=(8k + &, ); Bkm=(gk - &, r ; Where, m=q, Q

Co(F) = {(Ek‘ F20,) 2. }l ; Dy ()= {(gk F2:, f -2, }1 21b)
Een()={e T22,)25, | ;m=0,Q (21c)
In this theoretical approach, eq.(17b) gets a new form with the help of above egs.(20a-20c) as
I (kaQ &)= g°T 1+ 9T *L(kakQ) A By (KAK)E g (-)Egq (+)5(e — 22, ) (22)
r* (kgQ &)= g°T 1+ 9T *L(kakQ)) AoB\d (KGK)E, oo (-)Eso(+)5(e — 22, ) (23)
Where,

-2
J(kak) =87k, 2, ngcqu (_)quk (+)Dqu (_)Dqu (+) (24a)
L(kgkQ)= 647r_1k825k\72 > Ao (Ek\z - EQ\Z )2( g - 85k25q2 - 2£k2§k\2 - 85k\25q2

q

+ 16<9q4 +& ! )quk (_)quk ("‘)Dqu (_)Dqu (+) (24b)

V. RAMAN TENSOR
Raman Tensor eg. (4) can be solved by substituting imaginary part of Phonon Green's function eq. (8)
in it through eq.(5) as

Kk .
iy, 5 (e7) (2/7r Z Z I dtexp(—iggt aym[ _1 _1‘ Jnkjk\j\‘[ (epth _1)_1(5R2—Ek2>2
h

ST kl Jjp —© Jl

F(kq, Er )d Er (25)

. . d
The above eq.(25) for Raman Tensor Ii% m(gR) can be separated into diagonal part Ii% s (gR) and non-

nd
diagonal part Iay B2 ( ) as [5]

iiy/u( ) Ia}/ﬂi (5R)+|aymnd (5R) (26)
Where,

iiy,md (‘9R ) = iiy,ﬁii (‘9R )+ L. m:p (‘9R )+ L. m:p (gR) (27 a)
And,

iiy,mnd (ER ) = 4C(_ k,k ‘)‘gk_l liiy,mi (5R ) + izj;z}/,ﬂ/l:p\ (5R ) + iiy,m:p“ (5R )J (27b)

In eq.(27a) and eq. (27b), D and (ep ,ep ) are defect part and electron phonon interaction part respectively .
. . _— g d
The defect contribution IW ﬁ%o(‘gR) and electron phonon interaction contributions Loy prep (ER) \

i1

1 ‘ \(ER) of eq.(27a) and eq.(27b) are given by

ay.Blep

i () =16n7"% TZ W{k_ _l_( JR(—E,E>R*(—R,—E)EKEKZ(Ekz—gkz)z (28a)
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k —k
L, gy () =229k T2, PL L 1+ 0*T L(kakQ))AgByq d (kak)
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o\2
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The Raman Tensor ii%m(gR) obtained from this work gives the information about intensity of Raman
scattering per unit solid angle through the following equation as [5],[6]

I (ER ) = (‘904/27733)2 n, nﬂiay,m(gR )E; E; (29)

af.yA

V. CONCLUSIONS

The present Green's function approach provide the different orders of Raman scattering. The
renormalized mode, two exciton bound state are the excitations produced in defect part and in electron phonon
interaction part respectively. Raman Tensor is separated in the form of diagonal and non-diagonal parts. These
are dependent on defect part and electron phonon interaction part. The first order Raman scattering (FORS) and
second order Raman scattering (SORS) are found to produce by renormalized mode in defect part and exciton
bound state by two successive FORS in electron phonon interaction part respectively. The creation of two
exciton bound state gives the formation of stoke lines in electron phonon interaction field. In FORS both stoke
and antistoke lines are generated by creating and annihilating renormalized mode frequency respectively. It is
also found from theory that these orders depend on temperature as T in defect part, T2 and T* in electron phonon
interaction part. Raman Tensor reflects the intensity through excitations produced in scattering processes. In the
limit, renormalized mode and the two exciton bound state are identical with perturbed mode frequency, the
Raman peaks of first and second orders become sharp.In addition to this, asymptotic nature of intensity of peaks

in second order may also be occur when & = £,,6q i & F25,=& ; & F26,=8& . & TF2¢,
=+ Eq + &g -

The peaks are due to defect term is not only found to be temperature dependent but still influenced by
electron phonon interaction through renormalized mode frequency. This work tends to defect dependent part of
work of reference [5] when we take only harmonic and defect terms in Hamiltonian. In very low impurity
concentration, diagonal part contributes to Raman scattering in comparison to non-diagonal part. This theory
concludes that in absence of impurity, electron phonon interaction plays prominent role to give Raman spectra.
The intensity of peaks in SORS depends as g and g° on electron phonon coupling constant. This shows that the

temperature variation T* strongly couple electron and phonon in comparison to T? dependence. The temperature
dependence of Raman spectra can also be seen in reference [22].
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